and that inhibition of sodium transport has no effect on chloride absorption (7 (3, 12) and the Cl-/base exchange in the in vivo skin (6).
MATERIAL AND METHODS
On arrival in the laboratory the frogs (Rana esculenta) were put in aquaria with sufficient tap water to keep the ventral skin moist, at a constant temperature of 15°C. They were used for experiments within 1 wk of arrival. The ventral abdominal skin was removed from doublepithed animals and mounted between two Lucite chambers of 17-ml volume, the exposed skin surface being 7.5 cm2.
In order to make the in vitro experimental conditions as like the in vivo ones as possible, a special Ringer was made with the principal electrolytes as in the R. esculenta plasma. The composition, in millimoles per liter, was as follows: KCl, 2.5; NaCl, 83; NaHCOs, 24; NaZHPO.2, 4; KHPPOJ, 1.3; MgSOd, 4; CaCl, 4; glucose, 11 l This solution was used in the internal chamber in all experiments. It was bubbled with a mixture of 02 (95 '%) and CO2 (5 %) and its pH was 7.4. Three diRerent solutions were used in the external chamber: the above Ringer, 2 mM NaCl, or 2 mM choline chloride.
The two latter solutions were bubbled with air and their pH was buffered at 7.4 with imidazole + HzS04. The abbreviation 2 mM/Ringer will be used for experiments in which the external skin surface is in contact with one of the dilute solutions, and Ringer/Ringer will be used for those in which it is in contact with the Ringer solution.
As preliminary experiments showed that many of the isolated skins had a negative net flux, it was necessary to find a treatment that would induce a positive net flux stable over several hours. Bathing the internal skin surface with 50' I Ringer for 0.5 h was found to be effective. Subsequently, before the beginning of measurements the surface was placed in contact with normal
Ringer for 1 h. This preliminary period also served to equilibrate the skin to radioactive isotopes in the relevant experiments. The experiments were divided into periods of 45 min, the first being a control period.
When an inhibitor was used the first sample was taken 20 min after its addition. When the experiment involved changing the radioactive solutions in contact with the skin, the specific radioactivity of the solutions was kept constant.
Nevertheless, to insure against radioactive flux variations due to possible specific activity diilerences, the preparation was reequilibrated for 20 min after any radioactive solution change. The unidirectional sodium and chloride fluxes were measured using 22Na and 36C1 from the Radiochemical Centre, Amersham, England.
The concentration used in the 2 mLZ/I solutions were 80 and 20 &i/liter, respectively. For fluxes measured from Ringer solution, the concentrations were 5 times higher. For sodium or chloride influx measurements, the radioisoto pe was added to the external medium and i ts appearance in the internal chamber followed. The fluxes were calculated from the quantity of radioisotope transferred per unit time and the specific radioactivity in the initial compartment.
In the 2 mM/Ringer experiments the sodium efflux was obtained as the difference bctwecn influx and net flux, the latter being calculated from the sodium concentration variation (measured by flame photometry) in the external medium as a function of time. The sodium efflux in the Ringer/Ringer experiments was measured in an inde Dendent series of skins for which the radioisotope was added to the internal medium, and its appearance followed in the external. The chloride effluxes in the Ringer/Ringer experiments were measured in the same way, while those in the 2 mY!I/Ringer experiments were obtained either as the difference between influx and net flux calculated from the chloride concentration variation in the external medium or from an independent experimental series in which the internal medium was labeled and the radioactivity appearing in the external medium followed. The results from the two methods were equivalent. The flux means & standard error are expressed as follows: neq m H-l l cmB2. The techniques for P-and a-ray counting for the 3GCl and 22Na, respectively, and the methods for sodium and chloride descri bed in the concentration cornDan ion pa determination per (fc have been
RESWLTS
Tn//uence of osmotic gradient on chloride in/hxes. As the dilute . solutions used are hyposmotic, it is necessary to consider the degree of linkage between the osmotic water flux and the chloride influx. This was done by measuring chloride influxes from a 2 mM NaCl solution before and after adjustment of the osmotic pressure of the external solution to 240 mosmol l 1-l by means of saccharose. During the control period chloride influx was 186 & 24 neq . h-l. crnm2 (n = 18) ; by the elimination of the transepithelial osmotic gradient, the chloride influx was reduced to 149 + 18, the mean of the differences between paired data being very significant (1' < 0.001). The following experiment suggests that this effect is related to the physiological state of the animals. Six frogs were studied immediately on arrival in the laboratory when, after 2 days' travel without water, they were in a dehydrated state. In no case was there evidence that chloride was taken along the osmotic flux; on the contrary, the chloride influxes were all slightly higher after elimination of the osmotic gradient.
After 5 days in tap water in the laboratory, five frogs of the same batch were again studied. All the skins showed a reduction of the chloride influx during the saccharose period similar to that recorded above.
The sodium influx was found to remain unaffected by the elimination of the osmotic gradient. Effect of Diamox on unidirectional chloride /hxes ut d$erent ionic . concentrations of external solution. When Diamox is injected in vivo (dose : 10~~ Ma kg-l), there is a considerable inhibition of the transepithelial chloride influx and base excretion (6)-A similar dose inhibits the active transport of chloride in the isolated short-circuited skin (3, 12). In the isolated nonshort-circuited skin we studied the unidirectional chloride fluxes before and after various doses of Diamox in the internal bath when the external solution is either dilute (2 mM NaCl) or concentrated (Ringer). The influxes are significantly inhibited by Diamox at doses of lo+ n/l or stronger, whereas the effluxes are not affected. The influx inhibition occurs whether the external solution is 2 mM NaCl or Ringer ( In these experiments the scatter of the data was considerable so that the difl'erence between the influxes before and after addition of saccharose was not statistically significant at the 5 '/; level. Severthcless, it was present in all the cases and may be accepted in view of the data recorded in the first paragraph. Table  1 shows that the addition of Diamox to the internal medium after elimination of the osmotic gradient inhibits the chloride influx to a similar extent as when an osmotic gradient is present (cf. Fig. l we tested the ei'f'ect of substitution of choline for sodium on chloride influx from Ringer. During the control period in external Ka-Ringer, the influx of chloride was 313 =t 47 neqah-'*cm-* (n = 14); with choline Ringer in the external chamber, the chloride influx decreased to 253 & 38 neq m h-%rn-$ the mean of differences of paired data being significant (0.01 < 1' < 0.05).
That ouabain has different actions according to the concentration of the fluid in contact with the external surface of the skin cannot be explained by the change in the transepithelial electric potential difference after addition of the inhibitor.
When the external medium was Ringer, the internal skin surface was positive by 24 & 5 mV during the control period and by 9 •t 3 mV after addition of ouabain (n = 8). With dilute (2 m&1 NaCl) external medium, the internal face was positive by 29 •t 7 mV during the control period and became negative by 8 + 3 mV after ouabain (n = 8). The chloride effluxes were never affected by ouabain.
Effect on chloride jhxes of addition of amiloride (5 IO+ M) lo external solution. The effects of amiloride on the chloride fluxes were studied when the external solution was either a 2 mM NaCl solution or Ringer. The results were consistent with those obtained with ouabain; when the external medium was 2 mM NaCl, amiloride had no action on the chloride influx (Fig. 2) . With Ringer in contact with the external skin surface, however, the influx was inhibited by 50% (Fig. 2) Ringer Diamox inhibited the chloride influx by acting on a component independent of that affected by the sodium transport inhibitors. Table 4 records chloride fluxes measured in three successive periods. In a series of experiments a control period was followed by an ouabain ( 10L4 M) period and then by an ouabain ( 1O-4 M) + D iamox ( 10m4 M) one. In another series of experiments the control period was followed by an amiloride (5.10-j M) period and then by an amiloride (5. lo-;' M) + Diamox ( lOa4 M) one. The results show that Diamox continues to inhibit the chloride fluxes after the action of ouabain and amiloride.
DISCUSSION
The transepithelial solvent flow appears to play an important role in chloride absorption in our experimental conditions which were designed to be physiologically similar to previous in vivo experiments (6) . An active chloride uptake from solutions weak in chloride has been shown to occur in the isolated skin in the absence of an osmotic gradient (3, 12, 16) . This active transport is inhibited by Diamox (3, 12). In our experiments Diamox inhibits chloride transport in the presence of an osmotic gradient as also in its absence due to saccharose or to an external Ringer solution. It seems reasonable to identify this Diamoxsensitive component of the chloride flux in our experiments as the inhibitor-sensitive active component in the experiments of the workers quoted above. In the in vivo skin this component corresponds to that of the Cl-/base exchange, Kristensen (12) . An augmentation of chloride efflux after amiloride addition was also reported in the in vivo skin of R. @iens (10). In general, the data concerning chloride absorption from dilute solutions show that the transport mechanism of this ion can be independent of the sodium transport. In this important aspect the isolated nonshort-circuited skin resembles the in vivo skin. In the latter the independence of the cation and anion transports depend on a double-exchange process between absorbed and excreted ions : Na+,,J H+int (5-7, 9) and Cl-&base int (6, 7, 13) . A chloride/ endogenous base exchange would appear to be the simplest explanation of the fact that the isolated nonshort-circuited skin can continue to transport chloride in the absence of sodium transport.
The experiments on the effects of sodium inhibitors on the chloride transport from Ringer solution showed that chloride absorption from Ringer/Ringer is strongly inhibited by ouabain and amiloride and also by the lack of sodium in the external medium.
It must thus depend on a drag eff'ect of sodium. The fact that Diamox has an additional eflect on the chloride influx after partial inhibition of this flux by ouabain or amiloride would suggest that an independent chloride transport persists under these conditions. it is not only drawn in with the sodium but also penetrates. the epithelium at the same sites as the cation; this hypothesis has the advantage of being the most simple. Under these conditions the selectivity of the sodium sites should be less than when the chloride transport is completely independent of the sodium uptake. There is considerable evidence that negative fixed charges occur in the path of sodium penetration into the epithelium (1, 2, 4), and an interpretation based on the theory of fixed charges can explain the different components of the chloride flux 
